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水中運動時の肩周辺部における筋組織血液酸素動態の変化
Changes in the intramuscular oxygen hemodynamics of the trapezius 
muscle during water exercises
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Abstract
　Water pressure is known to increase venous return and decrease heart rate. The 
heart rate measured when standing up to the xiphoid process in water at a 
temperature of 36 ℃ is known to be almost the same as that measured when lying 
on one’s back on land. Such a position in water helps to promote atrial natriuretic 
peptide secretion and control renin secretion. Furthermore, it also helps to control 
vasopressin secretion. Such a position promotes the regulatory action of the renin-
angiotensin system, controlling angiotensin Ⅱ and aldosterone secretion. Blood 
pressure may fall as a result of an eventual decrease in total peripheral resistance. 
Therefore, this study examined the changes in the intramuscular oxygen 
hemodynamics of the right trapezius muscle during water exercises. Circulation in 
the right trapezius muscle was observed with a laser tissue blood-oxygen monitor 
（BOM-L1TR, OMEGAWAVE; Tokyo） in order to measure several indices （tissue 
oxygen saturation （StO2） level, tissue total hemoglobin （HbT） level, tissue 
deoxygenated hemoglobin （HbD） level, and tissue oxygenated hemoglobin （HbO2） 
level） and blood flow in the trapezius muscle. Subjects were 5 males. Measurements 
were made with the subject performing 1 of 10 water exercises in 4 positions. The 
first measurement was made with the subject standing on dry land before entering 
the water （PRE）．Measurements were then made as subjects performed 5 water 
exercises in a standing position while immersed in water up to the xiphoid process 
（①−⑤） and 5 water exercises in a supine position on the surface of the water （⑥
−⑩）．Measurements were then made with the subject in a supine position on the 
surface of the water after water exercises （LYING POST），in a standing position 
immersed up to the xiphoid process after water exercises （STANDING POST），and 
once again standing on dry land after water exercises （POST）．Circulation in the 
right trapezius muscle was observed with a laser tissue blood-oxygen monitor 
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during water exercises with subjects in a standing position immersed in water up to 
the xiphoid process and in a supine position on the surface of the water.
 Results indicated that the trapezius muscle had significantly greater blood flow 
during water exercises than when standing on dry land before entry into the water 
（PRE），and the StO2 level during 5 water exercises in a supine position on the 
surface of the water （⑥−⑩） was significantly higher than when standing on dry 
land before entry into the water （PRE）．The StO2 level was calculated from the 
tissue oxygenated hemoglobin level/tissue total hemoglobin level. The StO2 level 
appeared to increase due to the decrease in tissue deoxygenated hemoglobin. The 
tissue total hemoglobin appeared to increase due to the pressure of milking action to 
cause blood to flow during 5 water exercises in a supine position on the surface of 
the water, or water pressure may have increased venous reflux. 
　Water exercises in a supine position on the surface of water increase the blood 
flow volume in muscles around the shoulder.




































レッチング；Exercies for upper limbs, neck region 
and around shoulders（;U-ST），②下肢筋群のス
トレッチング；Exercise of lower limb and lumbar 
region（;L-ST），③上肢・下肢同時伸展屈曲運動；







upward squat（;UP-Q）， ⑧脚開閉運動；Face 
upward shears（;UP-S），⑨クロスシザース；Face 
upward cross shears（;UP-CS），⑩バタ足；Face 
upward back flap（;UP-BF）を行い、水中浮遊
での仰臥位での安静時（以下、LYING POST）、












































































② L-ST 時 13.38 ± 1.75、 ③ F&E 時 13.38 ± 1.75、
④ AP 時 13.08 ± 1.38、 ⑤ AC 時 13.46 ± 1.51、 ⑥
UP-B時13.56±1.32、⑦UP-Q時13.92±0.79、⑧
UP-S 時 14.32 ± 0.96、 ⑨ UP-CS 時 14.94 ± 1.13
（P<0.05）、 ⑩ UP-BF 時 15.42 ± 1.39、LYING 
POST時13.78±1.88、STANDING POST時14.48
±1.51、POST時14.54±1.36であった（Fig.2）。尚、
Fig.1　Changes in skin blood flow of the trapezius muscle in various patterns.（* ; p<0.05，** ; p<0.01 VS on the PRE.）


































18.42 ± 2.93、 ③ F&E 時 18.46 ± 2.34、 ④ AP 時
17.90 ± 2.35、 ⑤ AC 時 18.34 ± 2.22、 ⑥ UP-B 時
17.88±2.27、⑦UP-Q時18.08±1.61、⑧UP-S時
18.82±1.80、⑨UP-CS時19.20±2.10、⑩UP-BF


















④ AP 時 73.94 ± 2.64、 ⑤ AC 時 74.60 ± 2.73、 ⑥
UP-B 時 77.01 ± 3.62、 ⑦ UP-Q 時 77.78 ± 3.56
（P<0.05）、⑧ UP-S 時 78.30 ± 3.98（P<0.05）、⑨










Fig.4　Changes of total hemoglobin（HbT）levels in various patterns.（* ; p<0.05，** ; p<0.01，ns ; not significant）












そして、HbD と HbO2 をたしたものが HbT とし
て表され、センサー部位の筋組織の血液量を表す




































































































１） 被験者の身体的特徴は、年齢 52.4 ± 11.5 歳、
身長169.8±4.6cm、体重71.8±8.0kg、安静
座位時の収縮期血圧146.0±7.8mmHg、拡張
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